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Abstract
Coronavirus disease-2019 (Covid-19) disrupted the in-person teaching format of
anatomy. To study changes in gross anatomy education that occurred during August–
December, 2020 compared to before the pandemic, an online survey was distributed
to anatomy educators. The 191 responses received were analyzed in total and by
academic program, geographic region, and institution type. Cadaver use decreased
overall (before: 74.1 ± 34.1%, during: 50.3 ± 43.0%, P < 0.0001), as well as across allopathic and osteopathic medicine, therapy, undergraduate, and veterinary programs
(P < 0.05), but remained unchanged for other programs (P > 0.05). Cadaver use decreased internationally and in the US (P < 0.0001), at public and private (P < 0.0001)
institutions, and among allopathic medical programs in Northeastern, Central, and
Southern (P < 0.05), but not Western, US geographical regions. Laboratories during
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Covid-19 were delivered through synchronous (59%), asynchronous (4%), or mixed
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or prosection (21%) (P < 0.0001). The practical laboratory examination persisted dur-
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decreased during Covid-19 (before: 88%, during: 24%, P = 0.003). When anatomy
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(37%) formats (P < 0.0001) and utilized digital resources (47%), dissection (32%), and/
ing Covid-19 (P = 0.419); however, the setting and materials shifted to computer-
based (P < 0.0001) and image-based (P < 0.0001), respectively. In-person lecture
digital resources were categorized, dissection media, interactive software, and open-
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access content increased (P ≤ 0.008), with specific increases in BlueLink, Acland's
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the pandemic.
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Videos, and Complete Anatomy (P < 0.05). This study provided evidence of how
gross anatomy educators continued to adapt their courses past the early stages of
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I NTRO D U C TI O N

sessions leveraging digital teaching resources and other teaching modalities at individual institutions (Cuschieri & Calleja Agius

Since the acute respiratory syndrome coronavirus 2 and coronavi-

2020; Muñoz-Leija et al., 2020; Naidoo et al., 2020; Herr & Nelson,

rus disease-2019 (Covid-19) were first identified in December 2019

2021), within broader geographical regions, such as Western Europe

(Spiteri et al., 2020), the impact on the health of citizens globally has

(Brassett et al., 2020), the United Kingdom and Republic of Ireland

been unprecedented, with over 212 million cases and approximately

(Longhurst et al., 2020), Australia and New Zealand (Pather et al.,

4 million deaths globally from Covid-19 as of August 23, 2021 (Johns

2020), China (Cheng et al., 2021), and globally (Harmon et al., 2021).

Hopkins, 2021). On December 1, 2020, over 997 million learners

Simultaneously, lectures transitioned from predominantly in-person

were affected by Covid-19-related closures (UNESCO, 2020). While

to various remote mediums (Longhurst et al. 2020; Pather et al.,

this number is staggering, it is lower than the peak of approximately

2020; Cheng et al., 2021; Harmon et al., 2021).

1.5 billion affected learners reported in April, 2020 (UNESCO,

Several publications documented the immediate response to

2020). As a result, health professions educators had to quickly adapt

Covid-19, highlighting the innovations and creative instruction that

and continually evolve their curricula to be in compliance with local

anatomy educators pursued. However, these reports were limited

health mandates.

to single institutions (Cuschieri & Calleja Agius 2020; Naidoo et al.

Health professions education has been uniquely impacted by

2020; Srinivasan, 2020; Bond & Franchi, 2021; Harrell et al, 2021;

Covid-19-related restrictions. Health professions' curricula rely heav-

Herr & Nelson, 2021) or institutions within a specific geographic

ily on in-person mentorship (Burgess et al., 2018) and clinical training

region (Brassett et al. 2020; Longhurst et al. 2020; Pacheco et al.,

(Peters & ten Cate, 2014). On April 7, 2020, the Centers for Medicare

2020; Pather et al., 2020; Cheng et al., 2021). Additionally, these

and Medicaid Services issued a statement that recommended limit-

studies were descriptive and did not present inferential statistics

ing all non-essential planned surgeries and procedures and dental

comparing gross anatomy education before and during Covid-19.

care indefinitely (CMS, 2020). This drastically reduced the oppor-

While the publications mentioned previously provided insight into

tunity for trainees to participate in common procedures in their re-

the early adaptations to gross anatomy education during Covid-19,

spective fields, such as internal medicine (Alboraie et al., 2020; Shah

to the authors' knowledge, there are no publications analyzing the

et al., 2020), interventional radiology (Cahalane et al., 2020), otolar-

curricular changes made beyond the early stages of the pandemic.

yngology (Guo et al., 2020), dentistry (Kathree et al., 2020), surgery

While there were anecdotal calls for returning to the anatomy labo-

(Khan & Mian, 2020), and manual therapy (MacDonald et al., 2020).

ratory (Onigbinde et al., 2021b; Ross et al., 2021), quantification of

Furthermore, many hospital systems and health professions schools

such a return had not been done. It is unknown whether the initial

elected to remove trainees from the clinical environment (Khan

curricular adaptations persisted, as anatomy educators were contin-

& Mian, 2020) due to insufficient supplies of personal protective

uously requesting insight from their colleagues about how to teach

equipment (PPE) and to limit Covid-19 exposure and transmission

during the pandemic.

(AACN, 2020; Khamees et al., 2020). Beyond the formal training,

Early in the pandemic, anatomy educators had many questions

celebratory milestones in health sciences education, such as convo-

about teaching during Covid-19 (Harmon et al., 2021). The number

cations (Grajek, 2020) and white coat ceremonies (Murphy, 2020),

of relevant discussions on Anatomy Connected (2021), the American

were forced to be reformatted as virtual or outdoor events.

Association for Anatomy's (AAA) online member forum, served as an

Challenges were not unique to clinical training and institutional

index of this uncertainty. Thirty-five “open forum” posts generated

events; Covid-19 made the traditional format(s) of foundational sci-

279 comments regarding the transition of anatomy teaching online

ences education through in-person lecture and laboratory-based

or how to continue in-person teaching safely between March 12 and

teaching no longer feasible. Gross anatomy, a foundational discipline

July 31, 2020. The majority of this activity occurred in March/April

in health professions education (Rizzolo, 2002; Drake et al., 2009;

(26 posts/240 comments). This large amount of discussion between

Sugand et al., 2010), was notably impacted due to its reliance on

anatomy educators led to the development of the “Virtual Anatomy

small group, in-person instruction using human cadavers. Guidelines

During Covid-19” survey (Harmon et al., 2021). The survey requested

and information for body donor programs were published to ad-

responses from programs teaching gross anatomy early in the pan-

dress the safety of receiving human donors (Kramer et al., 2020;

demic (i.e., courses running between May to August, 2020) and later

Lemos et al., 2021; Onigbinde et al., 2021a), and anatomy educa-

in the pandemic (i.e., courses running between August–December,

tors had to determine how to safely continue gross anatomy teach-

2020). Harmon et al. (2021) provided the first insight into how gross

ing (Onigbinde et al., 2021a). Ethical guidelines were published for

anatomy courses (e.g., methods of laboratory teaching, laboratory

anatomy educators who use cadaveric materials for online teach-

assessment, digital resources) were organized prior to Covid-19 and

ing (BACA, 2021). Even memorial services for human body donors

how they changed across academic programs early in the pandemic,

needed to be redesigned for online delivery (Singal et al., 2021).

between March and August, 2020. While the majority of discussions

Data from the initial period of the pandemic (beginning March,

among anatomy educators occurred between March and July, 2020,

2020) indicated that anatomy laboratories were converted largely

the conversations continued through December. Between August

from in-person sessions using cadaveric materials to remote virtual

1 and December 31, 2020, discussion in this community continued
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with seven open forum discussions involving 41 posts from 31 in-

was not listed. Participants were asked to complete the same series

dividuals. Discussion topics included: (i) A desire to know what in-

of 13 questions for each program that they selected. For example, if

structional format(s) other schools were using (virtual vs. in-person);

a participant selected allopathic medicine and occupational therapy

(ii) practical implementation of, and/or planning for a return to in-

programs, they would first complete the series of 13 questions on

person teaching (including safety concerns regarding cadavers nec-

the allopathic medicine program followed by the same series of 13

essary for in-person laboratories, and planning for longer practical

questions on the occupational therapy program.

examination days due to socially distanced/smaller examination

The 13 questions surveyed respondents on small group organi-

cohorts); and (iii) bolstering virtual anatomy teaching (Anatomy

zation during Covid-19, organization of the gross anatomy laboratory

Connected, 2021). It was evident that the uncertainty did not sub-

and lecture components of the course, and the utilization of gross

side after the early stages of the pandemic, and anatomy educators

anatomy digital resource(s) before and during Covid-19. Respondents

were continuously looking for examples from other institutions.

were asked to indicate the percentage of time utilizing dissection,

The main purpose of this article was to continue the analysis

prosection, plastinated specimens, plastic models, comparative

of gross anatomy curricula before Covid-19 and examine how the

anatomy models, and “other” teaching modalities in the gross anat-

curricula changed between the months of August–December, 2020.

omy laboratory. The current study defines prosections, plastinated

The main purpose was assessed through two objectives. The first

specimens, and plastic models as follows: “prosections” are cadav-

objective of this study was to determine the lecture and labora-

eric materials that have been previously dissected to focus on a par-

tory delivery methods among courses that ran between August

ticular set of structures for direct teaching; “plastinated specimens”

-December, 2020 and to assess their changes by academic program,

are prosections where the water and fat content have been replaced

integrated compared to stand-alone anatomy courses, institutional

by a plastic material (von Horst et al., 2019); and “plastic models” are

location, and private compared to public institutions. The final ob-

commercially purchased artistically-rendered models made of plas-

jective was to characterize the teaching adaptations by the anatomy

tic. Respondents were asked to select one of the following lecture

educator community and explore assessment methods, anatomical

delivery methods: in-person lectures with a live stream, in-person

modalities utilized for laboratory education, and digital and other re-

lectures without a live stream, previously recorded lectures, virtual

sources utilized to aid in anatomy education during Covid-19.

live lectures, or “other” lecture formats. Following the laboratory
and lecture-specific questions, a series of narrative questions asked

M E TH O D S
Survey features

participants to provide a description of a “typical” laboratory session
during Covid-19, as well as their laboratory-based assessment before
and during Covid-19.
Following the series of 13 questions for each program(s), three
final questions asked participants to indicate the video conference

The study was classified as exempt by the Institutional Review Board

platform(s) used by their institution to teach anatomy, to identify

at the University of California, San Francisco (protocol #20-31300).

any non-anatomy-specific teaching tool(s) they planned to purchase

The data compiled for this study were acquired from June 8, 2020

to aid in teaching (e.g., camera tripod), and to select from a list of

to November 1, 2020 for the academic period of August–December

assessment software or technology that their institution used for

2020. The data were collected through the distribution of the

gross anatomy (users could select all that applied and provide un-

“Virtual Anatomy During Covid-19 Survey” previously published by

listed assessment software).

Harmon et al. (2021). Survey responses were collected electronically
through Qualtrics XM (Qualtrics, Provo, UT). Survey development
and piloting were conducted by the authors prior to distribution.

Survey distribution and data collection

Anatomy educators in higher education teaching in undergraduate
and graduate programs in the United States (US) and internationally

Anatomy educators were recruited through various online medi-

were the target population. Responses to all survey questions were

ums for professional associations and listservs including the AAA,

optional.

the American Association of Clinical Anatomists, the American

The survey consisted of 20 unique questions. The first three

Physical Therapy Association, DR-ED, and the Human Anatomy

questions of the survey asked respondents for general contact in-

and Physiology Society. The authors also distributed the survey

formation (name, email, and institution). Following the questions on

link through their professional Twitter (San Francisco, CA) ac-

contact information, participants were asked if they are teaching

counts. Finally, AAA members were notified of the survey through

anatomy between August–December 2020. If they selected “yes,”

forum posts on Anatomy Connected and through the Anatomy

they were asked to select from the following list of programs in which

Now Weekly, the AAA's electronic newsletter. The recruitment of

they would teach: anatomy graduate, dental, allopathic medicine,

anatomy educators began on June 8, 2020. To collect the responses

osteopathic medicine, occupational therapy, physical therapy, phy-

from anatomy educators teaching during August–December, 2020,

sician assistant, undergraduate anatomy programs, and up to three

the survey invitation was distributed through the same mediums

“other” options where respondents could write in any program that

during the week of September 23, 2020 and again two weeks later.
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Furthermore, the authors emailed the survey link to their profes-

image banks, atlases, and dissectors) whose image-based content

sional networks.

consists largely of illustrated renderings or photographs of anatomical

The dataset was then exported and organized with Microsoft

structures. Dissection media were classified as commercial products

Excel (Microsoft Corp., Redmond, WA). All responses selected as

containing dissection-based images and/or videos showing cadaveric

“other” with a description were individually evaluated and classified

dissection but with limited or no interactivity other than viewing.

into an existing category or designated as a unique response for fur-

Interactive software was delineated as commercial products that were

ther analysis by three authors (B.A.K., C.J.R., and D.C.B.).

mostly three-dimensional (3D)-based, allowed for cross-sectional
viewing, and/or offered interactivity for the user to manipulate ana-

Quantitative data

tomical structures. In-house material was defined as non-commercial,
dissection-based, image-based, 2D, or 3D products produced within
the respondents' University or program. Lastly, open-access content

When data were available, respondent-reported institutions were

was defined by free, non-commercial products, such as dissection-

categorized as US or international. New US institutions that were not

based, image-based, 2D, or 3D content (e.g., University of Michigan

previously categorized as public or private by Harmon et al. (2021)

Blue Link, University of Wisconsin School of Medicine and Public

were categorized as private or public by a single author (D.J.H.) using

Health Dissection Videos, University of British Columbia Anatomy

the name of the institution provided in the survey. The classifica-

Videos), produced outside of the respondents' University or program.

tion of public versus private and the US versus international was

For each of the five categories, the number of respondents was calcu-

done by accessing each institutions' website to obtain the relevant

lated before and during Covid-19 using Microsoft Excel.

information. Public and private institutions were defined according

Statistical comparisons were made for the total number of re-

to the US Department of Homeland Security's website (DHS, 2013)

sponses and by the program (as defined above), type of gross anatomy

as previously reported (Harmon et al., 2021). Additionally, survey re-

course (integrated and stand-alone), region (US and international),

sponses for the US allopathic medical programs were categorized by

type of institution (public and private), and geographical location of

geographical region (Northeastern, Central, Southern, and Western)

allopathic US medical school (as defined above) before and during

by a single author (G.J.F.) according to the Association of American

Covid-19. All data were assessed for parametric or nonparametric

Medical Colleges (AAMC, 2021). Only US allopathic medical pro-

distribution using the Shapiro-Wilk test and histograms. Continuous

grams were classified by geographical region because of a robust

data that did not meet parametric standards were log-transformed

sample size (i.e., >40) that contained institutional data.

(all data are presented as non-transformed) to reduce its skewness.

To maximize the power for statistical analysis, selected survey re-

For continuous data, Wilcoxon signed-rank test, Mann–Whitney U

sponse data were combined into groups. Responses from physical (n =

test, and Kruskal–Wallis H test with Dunn's post hoc analysis were

11), occupational (n = 2), chiropractic (n = 3), and radiation (n = 1) ther-

used to compare responses across groups (type of program, gross

apy formed a “therapy” group, while graduate programs in biomedical

anatomy course, location, and institution) and time-points (before

engineering (n = 1), medical physics (n = 1), organ donation science (n

and during Covid-19). When appropriate, a Bonferroni post hoc ad-

= 1), pharmacy (n = 1), podiatric medicine (n = 1), and psychology (n =

justment for multiple comparisons was performed. Comparisons be-

1) formed a “graduate health” group. A response indicating a program

tween groups as well as comparisons before and during Covid-19

in dental hygiene (n = 1) was excluded only from the program-specific

were analyzed using the Chi-square test of independence or the

analyses because a single response was received. All the other pro-

McNemar's test for unpaired and paired categorical data, respec-

grams remained unchanged. Survey responses about teaching mo-

tively. The response rate (= number of responses/viewed or started

dalities utilized in anatomy laboratories were consolidated into three

survey) for the survey was calculated. Internal consistency was as-

groups: “cadaver” (dissection and prosection), “plastic material” (plas-

sessed with Cronbach alpha according to the criteria published by

tinated specimens and anatomical models), and “other” (comparative

(Taber, 2018). The significance level was set a priori at α < 0.05. All

specimens and other types) as established previously by Harmon et al.

statistical analyses were performed using SPSS statistical package,

(2021). Similarly, responses about lecture delivery method(s) were

version 26 (IBM Corp., Armonk, NY).

consolidated into two groups: “in-person lectures” (in-person lectures
with or without a live stream), “not in-person” (lectures previously recorded or delivered remotely). Frequencies were calculated for digital

Narrative data

resources, video conferencing software, assessment software, and
non-anatomy teaching tools.

Open-ended responses describing the methods used in anatomy

Digital resource data were grouped into five categories by a sin-

laboratory teaching and assessment methods before and during

gle author (H.M.G.) and corroborated by a second author (K.M.H.).

Covid-19 were each coded by a team of two researchers (M.B., J.F.D.

The categories included two-dimensional (2D) illustrations, dissec-

and S.M.A., K.M.B., respectively). Descriptive codes were applied

tion media, interactive software, in-house material, and open-access

to the data to summarize the content (Saldaña, 2016), with the cod-

content. 2D illustrations were defined as commercial products (e.g.,

ing structure, determined a priori according to previously published
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methods (Harmon et al., 2021). Three categories of codes were ap-

27.7% and during: 15.0 ± 25.2%, P = 0.009) and a statistically signif-

plied to each laboratory setting used: (1) delivery modality (i.e., type

icant increase of “other” laboratory modalities (before: 6.7 ± 18.6%

of synchrony); (2) format of laboratory practice (i.e., dissection, pro-

and during: 33.7 ± 42.3%, P < 0.0001).

section); (3) the format of student groups. Three categories of codes
were applied to each assessment: (1) setting of the assessment (i.e.,
where it took place), (2) format of the assessment, and (3) the ma-

Academic programs

terial used for the question (e.g., cadaver, medical imaging, plastic
model). The first coders for each team (J.F.D. and K.M.B.) coded the

Figure 1 shows the percentage of laboratory time using cadaver,

data in Microsoft Excel. The second coders for each team (M.B. and

plastic, and “other” teaching modalities before and during Covid-19

S.M.A.) reviewed the coded dataset and coding discrepancies were

by the academic program.

discussed and reconciled with the first coder. Code frequencies
within each category were tabulated using Microsoft Excel.

Cadaver use was significantly reduced during Covid-19 across allopathic (before: 84.3 ± 26.7% and during: 54.5 ± 43.6%, P < 0.0001)
and osteopathic (before: 91.2 ± 15.7% and during: 66.3± 44.9%, P

R E S U LT S

= 0.033) medicine, therapy (before: 87.7 ± 18.2% and during: 62.1 ±
38.7%, P = 0.016), undergraduate (before: 42.9 ± 36.5% and during:
19.5 ± 30.4%, P < 0.0001), and veterinary (before: 92.3 ± 2.5% and

Descriptive characteristics and sample sizes are presented in Table 1.

during: 73.7 ± 5.5%, P = 0.010) programs. Alternatively, cadaver use

Of the 187 respondents who indicated the type of gross anatomy

did not significantly change (P > 0.05) during Covid-19 for anatomy

course, use of a stand-alone anatomy course was reported by 64% of

graduate (before: 85.5 ± 30.7% and during: 77.95 ± 35.3%), graduate

the anatomy graduate, 60% of the graduate health, 64% of the den-

health (before: 91.3 ± 4.8% and during: 76.3 ± 21.6%), dental (be-

tal, 60% of the nursing, 100% of the physician assistant, 33% of the

fore: 67.9 ± 37.8% and during: 49.6 ± 46.1%), nursing (before: 34.2

veterinary, 83% of the therapy, 19% of the allopathic medicine, 50%

± 38.5% and during: 20.8 ± 32.9%), and physician assistant (before:

of the osteopathic medicine, and 65% of the undergraduate pro-

88.3 ± 2.6% and during: 60.8 ± 47.4%) programs.

grams (P < 0.001). Alternatively, the use of an integrated anatomy

With respect to plastics use, the only programs to significantly

curriculum was reported by 36% of the anatomy graduate, 40% of

reduce their usage during Covid-19 were the physician assistant (be-

the graduate health, 36% of the dental, 40% of the nursing, 0% of

fore: 9.2 ± 3.8% and during: 5.0 ± 6.3%, P = 0.045) and undergrad-

the physician assistant, 67% of the veterinary, 17% of the therapy,

uate (before: 43.9 ± 31.3% and during: 35.1 ± 35.7%, P = 0.033)

81% of the allopathic medicine, 50% of the osteopathic medicine,

programs. No significant changes (P > 0.05) were observed con-

and 35% of the undergraduate programs (P < 0.001). Fifty-t wo per-

cerning plastic usage for anatomy graduate (before: 11.2 ± 22.9%

cent of the surveyed private institutions and 64% of the public in-

and during: 11.8 ± 18.3%), graduate health (before: 5.7 ± 4.5% and

stitutions reported using an integrated anatomy course (P > 0.05),

during: 18.4 ± 23.1%), dental (before: 18.6 ± 29.0% and during: 7.6

whereas 48% of private institutions and 36% of public institutions

± 14.8%), allopathic (before: 12.0 ± 23.0% and during: 9.10 ± 19.5%)

used a stand-alone anatomy course (P > 0.05). With regard to the

and osteopathic (before: 3.5 ± 7.4% and during: 3.0 ± 7.5%) medi-

type of course at the United States and international institutions,

cine, nursing (before: 32.5 ± 37.7% and during: 29.2± 39.8%), ther-

58% of the surveyed US institutions and 32% of the international in-

apy (before: 11.7 ± 18.3% and during: 9.2 ± 12.0%), and veterinary

stitutions reported using an integrated anatomy course (P = 0.006),

(before: 7.7 ± 2.5% and during: 12.7 ± 7.5%) programs.

and 42% of the US institutions and 68% of international institutions

Alternatively, allopathic medicine (before: 3.8 ± 14.4% and

used a stand-alone anatomy course (P = 0.013). A total of 62 US al-

during: 35.5± 44.6%, P < 0.0001), therapy (before: 0.63 ± 1.7% and

lopathic medical programs were categorized by region with 34% in

during: 28.8 ± 39.1%, P = 0.012), undergraduate (before: 13.0 ±

the Northeastern, 27% in the Central, 26% in the Southern, and 13%

20.8% and during: 44.8 ± 41.4%, P < 0.0001), and veterinary (before:

in the Western US (P = 0.026; Table 1).

0.0 ± 0.0% and during: 13.7 ± 3.2%, P = 0.018) programs all signifi-

The response rate was 76% and the Cronbach alpha coefficient

cantly increased their use of “other” resources during Covid-19. No

was 0.73, suggesting the survey instrument measured with accept-

significant changes (P > 0.05) were observed concerning “other” re-

able internal consistency (Taber, 2018).

sources for anatomy graduate (before: 3.3 ± 11.5% and during: 10.3
± 21.8%), dental (before: 13.5 ± 30.4% and during: 42.7 ± 47.8%),

Laboratory teaching

graduate health (before: 3.1 ± 7.6% and during: 5.0 ± 10.3%), osteopathic medicine (before: 5.4 ± 9.9% and during: 30.7 ± 13.6%), nursing (before: 33.3 ± 51.6% and during: 50.0 ± 54.8%), and physician

Overall, a significantly greater percentage of respondents used ca-

assistant (before: 1.0 ± 2.2% and during: 21.0 ± 44.2%) programs.

davers for in-laboratory teaching before Covid-19 as compared to

Analysis with Kruskal–Wallis H demonstrated that before

during Covid-19 (before: 74.1 ± 34.1% and during: 50.3 ± 43.0%, P <

Covid-19, the largest percentage of laboratory teaching time was

0.0001). The transition away from cadaver-based instruction aligned

devoted to cadaveric materials, although this differed significantly

with a simultaneous significant decrease of “plastics” (before: 19.1 ±

across academic programs (P < 0.0001; Figure 1). Post hoc analysis
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TA B L E 1 Descriptive characteristics and sample sizes for survey
responses regarding adaptations to teaching anatomy during
Covid-19 (August–December, 2020)
Variable

n (%)

Programs (n = 191)

showed that cadaver usage before Covid-19 was significantly less in
the undergraduate programs as compared to the anatomy graduate
(P < 0.0001), allopathic (P < 0.0001) and osteopathic (P < 0.0001)
medicine, therapy (P < 0.0001), physician assistant (P = 0.019), and
graduate health (P = 0.047) programs. Similarly, cadaver usage be-

Allopathic medicine

71 (37)

Undergraduate

40 (21)

to anatomy graduate (P = 0.010), allopathic (P = 0.004) and osteo-

Anatomy graduate

19 (10)

pathic (P = 0.007) medicine, therapy (P = 0.008), and physician assis-

Therapya

17 (9)

tant (P = 0.045) programs. Use of cadaveric material during Covid-19,

Dental

11 (6)

Osteopathic medicine
Graduate health

11 (6)

b

6 (3)

Nursing

6 (3)

Physician assistant

6 (3)

Veterinary

3 (2)

Dental hygiene

1 (0)

fore Covid-19 was significantly less in nursing programs as compared

significantly differed across academic programs (P < 0.0001), with
undergraduate programs using significantly less than anatomy graduate programs (P < 0.0001), allopathic (P = 0.001) and osteopathic
(P = 0.027) medicine, and therapy (P = 0.016) programs. All other
post hoc findings concerning cadaver use across programs before
and during Covid-19 did not reach statistical significance (P > 0.05).
Before Covid-19, the laboratory time allocated to teaching
with plastics significantly differed across the academic programs
(P < 0.0001; Figure 1). Post hoc examination identified that plastic

Type of anatomy course (n = 187)
Stand-alone course

95 (51)

Integrated anatomy course

92 (49)

Did not reply to prompt

4

United States and International Institution (n = 172)
United States

140 (81)

International

32 (19)

Unclear or unreported

19

usage was significantly greater in undergraduate programs as compared to anatomy graduate (P < 0.0001), allopathic (P < 0.0001) and
osteopathic (P < 0.0001) medicine, and therapy (P < 0.001) programs.
Similarly, during Covid-19, plastic usage within the academic programs also significantly differed across programs (P < 0.0001) with
undergraduate programs devoting significantly more teaching time
toward plastics as compared to anatomy graduate (P = 0.017), dental
(P = 0.026), allopathic (P < 0.0001) and osteopathic (P = 0.003) medicine, and therapy (P = 0.010) programs. All other post hoc findings

Type of institution (United States institutions only) (n = 140)
Private

62 (44)

concerning plastic use across programs before and during Covid-19

Public

78 (56)

did not reach statistical significance (P > 0.05).

Geographical location of United States allopathic medical programsc
(n = 62)
Northern

21 (34)

Central

17 (27)

Southern

16 (26)

Western

8 (13)

International or unreported institution data
Variable

9
n

The percentage of laboratory time devoted to “other” teaching modalities during Covid-19 was not significantly different across academic
programs (P = 0.172); however, before Covid-19, it was significantly different across programs (P = 0.006; Figure 1). Post hoc analysis showed
that “other” usage was significantly greater in nursing programs as
compared to anatomy graduate (P = 0.018), allopathic medicine
(P = 0.006), and therapy (P = 0.008) programs. All other post hoc findings concerning “other” teaching modalities across programs before
and during Covid-19 did not reach statistical significance (P > 0.05).

Teaching delivery, assessment, and digital resources
Teaching delivery in the anatomy laboratory

179

Assessment software

262

Assessment Setting, Structure, And Material

186

Anatomy digital resources

200

Other anatomy teaching tools

133

Video communication software

206

a

Type of gross anatomy course
Figure 2 shows the percentage of laboratory time using cadaver, plastic, and “other” teaching modalities before and during Covid-19 by type
of gross anatomy course. Stand-alone (before: 76.2 ± 31.0% and during: 51.4 ± 42.9%, P < 0.0001) and integrated (before: 73.1 ± 35.9%

Therapy includes physical (n = 11), occupational (n = 2), and radiation
(n = 1) therapy and chiropractic (n = 3) programs.

and during: 51.4 ± 43.0%, P < 0.0001) anatomy courses saw a signifi-

Graduate health includes engineering (n = 1), medical physics (n = 1),
organ donation science (n = 1), pharmacy (n = 1), podiatric medicine
(n = 1), and psychology (n = 1) graduate programs.

“other” teaching modalities during Covid-19 were observed in stand-

b

c

United States allopathic medical programs were categorized by
geographical regions according to the Association of American Medical
Colleges (AAMC, 2021).

cant decrease in cadaver use during Covid-19. A significant increase in
alone (before: 5.1 ± 14.6% and during: 32.1 ± 42.1%, P < 0.0001) and
integrated anatomy (before: 6.5 ± 17.5% and during: 32.6 ± 41.3%,
P < 0.0001) courses. Plastic usage significantly decreased in integrated
anatomy courses (before: 20.4 ± 30.4% and during: 14.9 ± 25.0%,
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F I G U R E 1 Percentage of laboratory time using cadaver, plastic,
and “other” teaching modalities before and during Covid-19
pandemic (August–December 2020) by academic program
(n = 190; anatomy graduate, n = 19; dental, n = 11; graduate health,
n = 6; allopathic medicine, n = 71; osteopathic medicine, n = 11;
nursing, n = 6; physician assistant, n = 6; therapy,
n = 17; undergraduate n = 40; veterinary, n = 3). Cadaver includes
dissection and prosection; plastic includes plastic models and
plastinated specimens. aPercent time using cadaver, plastic, and
“other” were significantly different before and during Covid-19
(P ≤ 0.045); bPercent time using cadavers was significantly different
across programs before Covid-19 (Kruskal–Wallis test H,
P < 0.0001). Dunn's post hoc analysis showed that cadaver
usage was significantly less in the undergraduate versus anatomy
graduate (P = 0.001), allopathic (P < 0.0001) and osteopathic
(P < 0.0001) medicine, physician assistant (P = 0.019), therapy
(P < 0.0001), and graduate health (P = 0.047) programs. Similarly,
cadaver usage was significantly less in the nursing versus anatomy
graduate (P = 0.010), allopathic (P = 0.004) and osteopathic
(P = 0.007) medicine, and therapy (P = 0.008) programs; cPercent
time using cadavers was significantly different across programs
during Covid-19 (Kruskal–Wallis test H, P < 0.0001). Dunn's
analysis showed that cadaver usage was significantly less in the
undergraduate versus anatomy graduate (P < 0.0001), allopathic
(P = 0.001) osteopathic (P = 0.027) medicine, and therapy
(P = 0.016) programs; dPercent time using plastics was significantly
different across programs before Covid-19 (Kruskal–Wallis test
H, P < 0.0001). Dunn's analysis showed that plastics usage was
significantly greater in the undergraduate versus anatomy graduate
(P < 0.0001), allopathic (P < 0.0001) and osteopathic (P < 0.0001)
medicine, and therapy (P < 0.0001) programs; ePercent time using
plastics was significantly different across programs during Covid-19
(Kruskal–Wallis test H, P < 0.0001). Dunn's analysis showed that
cadaver usage was significantly less in the undergraduate versus
anatomy graduate (P = 0.017), dental (P = 0.026), allopathic
(P < 0.0001) and osteopathic (P < 0.003) medicine, and therapy
(P = 0.010) programs; fPercent time using “other” was significantly
different across programs before Covid-19 (Kruskal–Wallis test
H, P = 0.006). Dunn's analysis showed that cadaver usage was
significantly greater in the nursing versus anatomy graduate
(P = 0.018), allopathic medicine (P = 0.006), and therapy (P = 0.010)
programs
P = 0.021), while changes in stand-alone courses did not reach statistical significance (before: 18.0 ± 25.2% and during: 15.7 ± 25.9%,

P < 0.0001) institutions, while a significant increase in “other”

P = 0.263).

use during Covid-19 was found at both international (before: 11.5

Before Covid-19, stand-alone anatomy courses spent a signifi-

± 22.7% and during: 50.6 ± 43.2%, P < 0.0001) and US (before:

cantly greater percentage of in-laboratory time using cadaveric ma-

6.2 ± 18.6% and during: 30.8 ± 41.2%, P < 0.0001) institutions.

terials relative to integrated anatomy courses (P = 0.046; Figure 2).

Regarding plastic usage, there was a significant decrease in in-

No other significant differences were found (P > 0.05).

ternational institutions (before: 28.5 ± 31.4% and during: 18.1 ±
26.8%, P = 0.042), although US institutions did not reach a stati-

United States and international institutions

cally significant decrease (before: 17.0 ± 25.8% and during: 14.9 ±
25.1%, P = 0.144).
Before (P = 0.030) and during (P = 0.006) Covid-19, US institu-

Figure 3 demonstrates the percentage of laboratory time using

tions spent a significantly greater percentage of in-laboratory time

cadaver, plastic, and “other” teaching modalities before and dur-

using cadaveric materials relative to international (Figure 3). In con-

ing Covid-19 by international and US institutions. A significant

trast, compared to US institutions, international institutions spent

decrease in cadaver use during Covid-19 was observed at both

a significantly greater percentage of time in the laboratory using

international (before: 60.0 ± 38.4% and during: 31.3 ± 38.3%, P <

plastic and “other” teaching modalities before (P = 0.031) and during

0.0001) and US (before: 76.5 ± 32.6% and during: 53.4 ± 42.8%,

(P = 0.021) Covid-19, respectively (Figure 3).
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F I G U R E 2 Percentage of laboratory time using cadaver, plastic,
and “other” teaching modalities before and during Covid-19
pandemic (August–December 2020) by type of gross anatomy
course (n = 187; stand-alone, n = 95; Integrated, n = 92). Cadaver
includes dissection and prosection; plastic includes plastic models
and plastinated specimens. aPer cent time using cadaver, plastic,
and “other” were significantly different before and during Covid-19
(Wilcoxon signed-rank, P ≤ 0.021); bPercent time using cadavers
was significantly greater in stand-alone versus integrated courses
before Covid-19 (Mann–Whitney U, P = 0.046)

Type of institution
Figure 4 exhibits the percentage of laboratory time using cadaver,
plastic, and “other” teaching modalities before and during Covid-19

ATTARDI et al.

F I G U R E 3 Percentage of laboratory time using cadaver, plastic,
and “other” teaching modalities before and during Covid-19
pandemic (August–December 2020) by US and International
Institutions (n = 172; international, n = 32; US n = 140). Cadaver
includes dissection and prosection; plastic includes plastic
models and plastinated specimens. aPercent time using cadaver,
plastic, and “other” were significantly different before and during
Covid-19 (Wilcoxon signed-rank, P ≤ 0.042); bPercent using cadaver
was significantly greater in US institutions versus international
institutions before Covid-19 (Mann–Whitney U, P = 0.030);
c
Percent using cadaver was significantly greater in US institutions
versus international institutions during Covid-19 (Mann–Whitney
U, P = 0.006); dPercent using plastic was significantly greater
in international versus US institutions before Covid-19 (Mann–
Whitney U, P = 0.031); ePercent using “other” was significantly
greater in international versus US institutions during Covid-19
(Mann–Whitney U, P = 0.021)

by the US public and private institutions. A significant decrease in
cadaver use during Covid-19 was observed at both public (before:

P = 0.001), Central (before: 87.1 ± 23.3% and during: 57.7 ± 45.4%,

72.4 ± 35.6% and during: 46.9 ± 43.5%, P < 0.0001) and private

P = 0.011), and Southern (before: 88.6 ± 24.2% and during: 66.3 ±

(before: 82.5 ± 27.4% and during: 63.2 ± 40.7%, P < 0.0001) in-

39.8%, P = 0.027), but not Western (before: 82.9 ± 33.7% and dur-

stitutions. Alternatively, a significant increase in “other” use during

ing: 60.6 ± 47.7%, P = 0.177), geographical regions significantly

Covid-19 was found at both public (before: 8.4 ± 23.0% and during:

decreased during Covid-19. During Covid-19, the use of “other” labo-

36.3 ± 43.7%, P < 0.0001) and private (before: 3.3 ± 9.9% and dur-

ratory teaching material significantly increased across Northeastern

ing: 22.9 ± 36.7%, P < 0.0001) institutions. Regarding plastic usage,

(before: 3.8 ± 13.6% and during: 38.1 ± 46.1%, P = 0.003), Central

private institutions (before: 14.1 ± 23.6% and during: 12.7 ± 23.2%,

(before: 5.9 ± 24.3% and during: 35.3 ± 49.3%, P = 0.020), and

P = 0.604) did not reach a statistically significant decrease. However,

Southern (before: 0.94 ±2.5% and during: 27.1 ± 37.9%, P = 0.016)

public institutions trended toward a significant decrease (before:

allopathic medical program, while Western allopathic programs did

19.0 ± 27.2% and during: 16.3 ± 26.4%, P = 0.066).

not significantly increase (before: 0.71 ± 1.9% and during: 28.3 ±

The percentage of laboratory time spent using cadaveric mate-

45.8%, P = 0.165). Changes in plastic usage did not meet statistical

rials during Covid-19 was significantly greater at private institutions

significance during Covid-19 in Northeastern (before: 8.0 ± 14.8%

relative to public institutions (P = 0.024). Before and during Covid-19,

and during: 11.3 ± 25.9%, P = 0.197), Central (before: 7.0 ± 6.4%

the percentage of time using plastic and “other” laboratory modali-

and during: 7.1 ± 12.6%, P = 0.982), Southern (before: 10.5 ± 24.5%

ties did not reach statistically significant differences at public versus

and during: 6.6 ± 12.6%, P = 0.260), and Western (before: 16.5 ±

private institutions (P = 0.058 and P = 0.062), respectively (Figure 4).

34.0% and during: 2.1 ± 3.6%, P = 0.281) allopathic medical programs
(Figure 5). Additionally, when evaluating the data with Kruskal–Wallis
test, no significant differences were observed between US regions

Geographical location of United States allopathic
medical programs
Figure 5 demonstrates the percentage of laboratory time using
cadaver, plastic, and “other” teaching modalities before and dur-

before Covid-19 as well as during Covid-19 regarding percentage of
time teaching with cadaver, plastic, or “other” materials (P > 0.05).

Lecture teaching

ing Covid-19 by geographical region of US allopathic medical programs. Cadaver usage among US allopathic medical programs in

The percentage of respondents who relied on in-person lectures

Northeastern (before: 88.2 ± 19.0% and during: 50.6 ± 44.7%,

for content delivery before Covid-19 significantly decreased during
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F I G U R E 4 Percentage of laboratory time using cadaver, plastic,
and “other” teaching modalities before and during Covid-19
pandemic (August–December 2020) by type of institution
(n = 140; private, n = 62; public n = 78). Cadaver includes
dissection and prosection; plastic includes plastic models and
plastinated specimens. aPercent time using cadaver and “other”
were significantly different before and during Covid-19 (Wilcoxon
signed-rank, P ≤ 0.004); bPercent using cadaver was significantly
greater in private versus public institutions during Covid-19 (Mann–
Whitney U, P = 0.035)
Covid-19 (before: 88% and during: 24%, P = 0.003), while not in-
person lecture delivery significantly increased during Covid-19 compared to before Covid-19 (before: 12% and during: 76%, P = 0.003).
Some respondents provided examples of their lecture format during
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F I G U R E 5 Percentage of laboratory time using cadaver, plastic,
and “other” teaching modalities before and during Covid-19
pandemic (August–December 2020) by geographical location of
United States allopathic medical programs (n = 62; northern, n
= 21; central, n = 17; southern, n = 16; western, n = 8). Cadaver
includes dissection and prosection; plastic includes plastic models
and plastinated specimens. aPercent time using cadaver and “other”
were significantly different before and during Covid-19 (Wilcoxon
signed-rank, P = 0.027)

Covid-19: “Lecture with 1/2 cohort physically in lecture, 1/2 virtually live,” “Taught the content virtually over the summer doing Zoom

(Table 2). Forty-eight responses were coded as “unclear, unreported,

lectures,” and “Class meets for 2.5 hours twice weekly for lecture

or undetermined” for laboratory teaching structure. The remaining

and lab. The lecture will move to online.”

responses in each category are presented in Table 2. Representative
comments are provided verbatim.

Laboratory and small group formats

Delivery modality

A significantly greater percentage of respondents indicated a
hybrid in-p erson and virtual anatomy laboratory (37%) during

The most frequent statements addressed the delivery of laboratory

Covid-19, compared to other responses that indicated virtual-only

teaching content. Responses emphasized the use of synchronous,

(25%), in-p erson only (23%), they did not know the format (14%),

asynchronous, mixed delivery, or were unclear/undetermined. In the

or anatomy laboratory was completely canceled (1%) (P = 0.006).

current study, these terms are defined as follows: “synchronous” re-

The percentage of respondents indicating virtual small groups

fers to educational activities that take place in real-time (Allen et al.,

(46%) trended toward a significant difference compared to those

2019); “asynchronous” does not occur at the same time (Allen et al.,

that conducted in-p erson (15%) small groups or did not respond

2019); and “mixed delivery” involves elements of both types of syn-

(39%) (P = 0.065).

chrony (Harmon et al., 2021). The delivery modality responses were
separated into those who reported information that could be ana-

Laboratory teaching structure

lyzed further into subcategories (71%), and those who had not yet
determined their laboratory delivery format or their response was
unclear or unreported (29%).

Analysis of the narrative comments specific to how anatomy labo-

Based on the 71% of respondents who provided information

ratory teaching was delivered between August–December, 2020

on their laboratory delivery modality, the use of synchronous and

centered around three categories: (1) delivery modality, (2) format

mixed formats were varied and sub-categories for these formats

of laboratory practice, and (3) format of student groups (Table 2).

were identified: Synchronous in-person, Synchronous not in-person,

Although the level of detail included in the responses varied, attrib-

Mixed: Synchronous in-person and Asynchronous not in-person, Mixed:

utes for each of the three categories were readily identified. In ad-

Synchronous and asynchronous not in-person, and Mixed: Synchronous

dition, 11 subcategories were identified during the coding process

in-person and Synchronous not in-person.
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Analysis of synchronous laboratory sessions revealed two

The plan is for students to have access ad libitum to

subcategories specific to the synchronous delivery modality:

virtual anatomy software that they have purchased,

Synchronous in-person and Synchronous not in-person. These reflected

with scheduled real-time smaller group sessions with

different institutions electing to return to campus or continue with

instructors and TAs, and assigned weekly exercises

virtual teaching. A large proportion of institutions had returned to

and/or quizzes for course credit.

Synchronous in-person sessions (40.9%) incorporating faculty- or
student-led dissection or prosection sessions (see “format of labo-

Analysis of the respondents that provided insight into their mixed

ratory practice”). Responses reflected the need for reduced capacity

laboratory sessions revealed three sub-categories specific to the type

and scheduling enough time in the laboratory for all students in the

of blending of modalities used for delivery: Synchronous in-person

course/cohort:

and Asynchronous not in-person, Synchronous and asynchronous not in-
person, and Synchronous in-person and Synchronous not in-person. The

While most lectures will be given live virtually, the

most frequent subcategory was Synchronous in-person & Asynchronous

laboratory component will be face-to-f ace instruc-

not in-person (21.3%) and was best characterized by laboratory ses-

tion with faculty members. Students will wear PPE,

sions utilizing on campus, in-person laboratories, complemented by an

practice social distancing, and be limited to two

asynchronous, not in-person component typically used for review of

students per cadaveric specimen […] Right now, we

digital, pre-laboratory resources, or a laboratory module.

will have to run the lab sessions in two separate
groups either 90 minutes each or find additional

The structure of the anatomy laboratory session

times where the students can enter the labs for

during Covid-19 involves bringing students on cam-

instruction.

pus in small groups (12–14 students) for an hour
(1:30–4:30, 3 groups rotate through lab) per region

Few institutions reported the use of Synchronous not in-person

(back, shoulder region, upper limb, etc.) in the lab to

laboratories (18.1%). In these responses, teaching methods similar to

view prosected donors. The remainder of laboratory

Synchronous in-person were emphasized but this occurred via video

instruction is via independent and asynchronous

conferencing platforms (e.g., Zoom) to permit not in-person delivery.

viewing of the posted materials. Due to Covid[-19]

Overall, review of anatomy digital resources, small group “breakout”

restrictions, some students may not be able to at-

sessions, and/or live streaming of faculty-led dissection or prosection

tend a session and are offered an additional make-up

reviews were frequently modeled in this example:

session. The lab visits, however, are supplemental

TA B L E 2 Laboratory delivery modality, format of laboratory practice, and format of student groups during Covid-19 (August–December,
2020)
n (%)a

χ2

P-value

Synchronous in-person

52 (40.9)

74.2

<0.0001

Synchronous not in-person

23 (18.1)

20.7

0.0001

18.8

<0.0001

Category
Delivery modality

Subcategories

Asynchronous not in-person

16 (12.6)

Mixed: synchronous in-person & asynchronous not in-person

27 (21.3)

Mixed: synchronous in-person & asynchronous not in-person

4 (3.1)

Total
Format of laboratory practice

127 (100)

Dissection
Prosection

41 (32.3)
b

Anatomy digital resource(s)c
Total
Format of student groups

c

59 (46.5)
127 (100)
50 (76.9)

Large group

15 (23.1)

Total

65 (100)

Responses coded as unclear, undetermined, or unreported were not included in the analysis (n = 48).

b

27 (21.3)

Small group

Note: Total number of respondents (n = 179); Chi-square test, P < 0.05.
a

5 (3.9)

Mixed: synchronous & asynchronous not in-person

Denotes prosection as faculty-or student-led and is distinct from anatomy digital resources.

Commercial and/or in-house anatomy digital resources were included in the comments.
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learning as all testable material is provided online in

(student-led), prosection (faculty- and student-led), and the utili-

the learning platform.

zation of commercial and/or in-house anatomical digital resources.
Thirty-t wo percent of respondents that provided information about

The mixed, Synchronous and asynchronous not in-person (12.6%)
type of delivery activities were also described:

their laboratory practice indicated that dissection was part of their
laboratory format. For example:

The students are provided pre-lab modules that ex-

Class is split into four cohorts (~50 students each) and

plain the dissection approach (had they been in lab)

student lab groups of four (e.g., two students in Cohort

and hyperlinks to the 4D Anatomy and VH Dissector

1, and two students in Cohort 2). Students work in

software. Students are expected to review the pre-

groups of two to dissect as usual (2 hours lab at quarter-

lab and work through the links prior to attending

capacity) then meet virtually on Zoom or Teams to

lab. We scheduled 2-hours blocks of time via zoom.

discuss with their group members in the other cohort.

During this time, the delivery varies by faculty mem-

The other two students go to the next lab (2 hours lab

ber, but has included either of the following two op-

at quarter-capacity) and dissect as usual. After all four

tions: (1) 30 minutes of lecture/concept review with

students in each lab group have participated in the lab,

1 hour of live/streaming prosection review or (2) live,

they meet on Zoom or Teams to discuss the anatomy

active dissection (1.5–2 hours) by the faculty member.

and reflect on the laboratory experience.

A second faculty member or student TA is working
as the Zoom jockey to relay incoming questions/com-

Responses denoting the utilization of prosection (21.3%) during

ments to the faculty member leading the lab session.

anatomy laboratory teaching emphasized faculty-led prosection re-

In the prosection review and active dissection, the

views, often with the involvement of teaching assistants, followed by a

faculty members are relaying important concepts,

student-led component for practice and self-assessment. For example:

reviewing structure/function/innervation, and noting
clinical relevance, when applicable.

Sign-up sheet for prosection viewing with faculty and
MS4 TAs present in rotating shifts to answer questions

The final sub-category of mixed laboratory delivery was the

and guide students through the prosections; weekly

Synchronous in-person and Synchronous not in-person format. This was

quizzes and Q&As to make sure students are staying on

the least frequently used of the mixed delivery modalities (3.1%),

track and asking questions when needed; prosections

but incorporated remote, synchronous sessions to complement syn-

structure ID videos and lab review PPTs will be pro-

chronous in-person laboratories with reduced student capacity. For

vided to the students to study prior to coming to the

example:

lab so they are familiar with the material beforehand.

Half of the class attends a 2-hours lab: 1-hour prosec-

Responses denoting the utilization of anatomy digital resources

tions; 1-hour dry lab (bones, models, clinical content).

(46.5%) during anatomy laboratory teaching emphasized the utilization

Half of the class receives virtual interactive lab mod-

of interactive software. An example of how these digital resources

ules with the same content—completed on one day

were used is below:

(2.5 hours protected time) and followed up with TA
tutorial (1.5 hours) for consolidation and Q&A.

Students meet virtually on Zoom in small groups
(~20) with an instructor to review dissection videos

Only 3.9% of respondents utilized Asynchronous not in-person laboratory sessions.

and engage in a virtual dissection using the Complete
Anatomy app. At the end of each session, there is an
informal quiz involving identifying structures on cadaver images and a discussion of a clinical correlate

Format of laboratory practice

posed as a “question of the day.”

A number of respondents elaborated on the format of laboratory
practice. The laboratory practice responses were divided into two

Format of student groups

broad categories: Those who reported information that could be analyzed further into dissection, prosection, and/or digital resources

The final category identified the format of student groups (i.e., small

(71%), and those who had not yet determined their format of labo-

groups, large groups) utilized during laboratory sessions. The responses

ratory practice or their response was unclear or unreported (29%).

about student groups were divided into two categories: respondents

Based on the 71% of respondents who provided information

who reported information that could be analyzed further into small

on their format of laboratory practice, they described dissection

and large groups (69.3%), and those who had not yet determined their
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format of student groups or their response was unclear or unreported

9–9:15 am: Course director provides an introduction

(30.7%). Based on the 69.3% of respondents who provided information

to the laboratory in a large Zoom room; 9:15–11:00

on their format of student groups, descriptions of small groups (76.9%)

a.m. students are preassigned to Breakout Rooms

outnumbered the large group format (23.1%). Small groups were typi-

for their lab groups where they work on instructor-

cally indicative of not in-person anatomy sessions where small groups

created lab guides; 11:00–12 p.m. livestream dissec-

were used in “breakout rooms” for students to meet with each other

tions and/or prosections, bones, and models in the

and/or faculty to review laboratory-related concepts. Most small

laboratory through Zoom.

group interactions were limited to virtual, not in-person learning, but
there were instances in which in-person small groups were utilized for
dissection hand-off and updating other team members, for example:

Thirty-three percent of respondents noted various methods to
minimize the spread of Covid-19, such as maintaining physical distancing and the utilization of PPE for their in-person laboratory-based ac-

Students will be in their anatomy lab groups (six stu-

tivities. For example:

dents/group) and all lab groups are within a larger
Microsoft Teams Session. Faculty move between lab

The laboratory component will be face-to-f ace in-

groups and confirm their identification of structures

struction with faculty members. Students will wear

on photographs within PPT. They also cover radiology

PPE, practice social distancing, and be limited to

with a radiologist, as appropriate.

two students per cadaveric specimen […] We will
have to run the lab sessions in two separate groups

Small group usage complemented the large group sessions.

either 90 minutes each or find additional times

Typically, large groups were used to allow faculty to review and pres-

where the students can enter the labs for instruc-

ent the assigned laboratory topic, with small groups used for review

tion. If lectures are held face-to-f ace, it will be fol-

as well as for the presentation of case studies for students to work

lowing a 50% room capacity guideline, wearing PPE,

through with their peers:

and social distancing.

TA B L E 3 Comparison of assessment setting, structure, and material used before and during Covid-19 (August–December, 2020)
Covid-19
Category
Setting

Assessment

Material

Code
Laboratory

Before n (%)

a

During n (%)a
70 (41)

33.9

<0.0001

Computer

6 (4)

95 (56)

78.4

<0.0001

None

6 (4)

6 (4)

0

Totals

170 (100)

171 (100)

0.002

0.957

136 (61)

123 (54)

0.653

0.419

Oral assessments

17 (8)

14 (6)

0.29

0.59

Written assessments

18 (8)

42 (18)

9.6

0.002

Skill and/or dissection completion

10 (5)

8 (3)

0.222

0.637

Other assessmentsb

34 (15)

35 (15)

0.014

0.904

None

7 (3)

7 (3)

Totals

222 (100)

229 (100)

Cadaveric dissection/prosection

155 (61)

Imaging

c

1
0.742

60 (26)

42

15 (6)

12.1

0.001

36 (14)

127 (54)

50.8

<0.0001

16 (6)

23 (10)

1.26

<0.0001

0.262

Not applicable

4 (2)

4 (2)

0

1

None

4 (2)

5 (2)

0.111

0.739

Totals

256 (100)

234 (100)

0.988

0.32

Data that were coded as unclear, undetermined, or unreported were not included in the analysis (n = 235).
Examples include assignments, integrated assessments, quizzes.

Examples of images include medical imaging, photographs of cadaveric material, textbook images.

d

0
0.109

41 (16)

Note: Total number of respondents (n = 186); McNemar's test, P < 0.05.

c

1

Practicals

Otherd

b

P-value

158 (93)

Bones, models, plastinates

a

χ2

Examples include 3D virtual models, video, and virtual reality.
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Gross anatomy assessment and assessment software

17

In-house content created at the respondent's institution was the
most frequently reported anatomy digital resource used during

Examsoft (ExamSoft Worldwide, Inc., Dallas, TX), Canvas

Covid-19 (P > 0.05; Table 4). There were a number of anatomical

(Instructure, Inc., Salt Lake City, UT), and “others” accounted for

teaching resources that were specifically and frequently identified

58% of the responses related to assessment software utilized by

including the University of Michigan's BlueLink (Alsup & Fox, 2021),

anatomy educators during Covid-19 (Supporting Information File

Acland's Video Atlas of Anatomy (Acland, 2021), Clinically Oriented

1). Narrative data for how students were assessed in the gross

Anatomy Images (Moore et al., 2017), Complete Anatomy software

anatomy laboratory between August–D ecember, 2020 were

(Complete Anatomy, 2021), and “other” digital resources. However,

coded within three categories: (1) assessment setting; (2) assess-

only BlueLink, Acland's Videos, and Complete Anatomy significantly

ment format; and (3) material used for the assessment (Table 3).

increased during Covid-19 (P < 0.05; Table 4). In addition, respond-

The number of responses coded as “unclear, unreported, or un-

ents reported a significant increase in the use of Anatomy.TV during

determined” for setting was 28 before and 43 during, for format

Covid-19 (P = 0.001), while the Thieme Dissector trended toward a

were 30 before and 41 during, and for material were 45 before

significant decrease (P = 0.056). When digital resource data were

and 48 after. The remaining responses that provided data within

categorized by group, dissection media (before: 16.6% and during:

each category are shown in Table 3. Overall, assessment in the

18%, P = 0.007), interactive software (before: 19.4% and during:

laboratory setting significantly decreased (P < 0.0001), whereas

25.1%, P < 0.0001), and open-access content (before: 12.2% and

the computer-b ased setting significantly increased (P < 0.0001)

during: 18.2%, P < 0.0001) significantly increased, while 2D illus-

during Covid-19. There was a significant increase in the use of

trations (before: 35.4% and during: 27.1%, P = 0.666) and in-house

written assessments (P = 0.002) during Covid-19. Use of cadaveric

content (before: 16.4% and during: 14.5%, P = 0.222) decreased, but

materials (P < 0.0001) and bones, models, and plastinates signifi-

not significantly.

cantly decreased (P = 0.001) while the use of images significantly

Camera and camera-related accessories were the most com-

increased (P < 0.0001) during Covid-19. No other findings were

monly reported (30%) non-anatomy tools that were purchased by

significant (P > 0.05; Table 3).

respondents to support teaching during Covid-19, while less than

Program-specific analyses demonstrated that the use of the lab-

10% of respondents reported the remaining choices (Supporting

oratory setting for assessment significantly decreased for allopathic

Information File 2). Zoom (Zoom Voice Communications Inc., San

medicine (before: 93% and during: 36%, P < 0.0001) and under-

Jose, CA) was the dominant video conferencing platform used by the

graduate (before: 97% and during: 33%, P = 0.001) programs. There

majority of respondents (55%) followed by Blackboard Collaborate

were significant increases in the computer-based setting for anatomy

(Blackboard Inc., Washington, DC) (11%), whereas the remaining

graduate (before: 0% and during: 43%, P = 0.014), allopathic medi-

choices were used by 10% or less of the respondents (Supporting

cine (before: 7% and during: 63%, P < 0.0001), osteopathic medicine

Information File 3).

(before: 0% and during: 31%, P = 0.046), undergraduate (before: 3%
and during: 56%, P < 0.0001), dental (before: 0% and during: 33%,
P = 0.046), and therapy (before: 0% and during: 41%, P = 0.008) pro-

DISCUSSION

grams. The use of written assessments significantly increased for allopathic medicine (before: 14% and during: 28%, P = 0.016). There were

Together with the findings from May to August 2020 by Harmon

significant decreases in the use of cadaveric materials for allopathic

et al. (2021), and the current study of August–December, 2020, this

medicine (before: 52% and during: 20%, P < 0.0001) and undergradu-

body of work is the first to provide a comprehensive picture, using

ate (before: 69% and during: 22%, P = 0.0002) programs. In allopathic

inferential statistics, of the differences in gross anatomy teaching

medicine only, there was a significant decrease in the use of bones,

before and during Covid-19. The collective data provide insight into

models, and plastinates (before: 20% and during: 9%, P = 0.016). The

laboratory modalities, lecture and laboratory delivery format, labo-

use of images significantly increased in anatomy graduate (before: 0%

ratory assessment, anatomy digital resource utilization, and commu-

and during: 36%, P = 0.046), allopathic medicine (before: 25% and

nication software usage.

during: 65%, P < 0.0001), undergraduate (before: 2% and during:

The current study assessed differences between programs, in-

53%, P < 0.0001), and dental (before: 0% and during: 44%, P = 0.046)

tegrated and stand-alone courses, institutional locations, as well as

programs. No other findings were significant (P > 0.05).

private and public US institutions, with respect to gross anatomy laboratory and lecture teaching. The predominant changes occurred in

Gross anatomy digital and other teaching resources

the setting of laboratory instruction and in the utilization of laboratory modalities before and during Covid-19. The anatomy laboratory
delivery format shifted significantly from in-person instruction to

Anatomy digital resources used for teaching before and during

not in-person (i.e., remote). Consequently, cadaver-based modalities

Covid-19 are presented in Table 4. The utilization of digital teach-

decreased significantly while the use of “other” materials increased

ing resources for anatomy increased during Covid-19 (P < 0.0001).

significantly.
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TA B L E 4 Anatomy digital resources utilized before and during Covid-19 (August–December 2020)
Before Covid-19
n (%)

During Covid-19
n (%)

In-house content created at your institution

69 (15)

85 (13)

1.66

0.197

University of Michigan BlueLink (Alsup & Fox, 2021)

28 (6)

69 (11)

17.30

<0.0001

Acland's Video Atlas of Anatomy (Acland, 2021)

33 (7)

58 (9)

6.90

0.009

Clinically Oriented Anatomy Images (Moore et al., 2017)

48 (10)

52 (8)

0.16

0.689

Other

33 (7)

50 (8)

3.48

0.062

Complete Anatomy (Complete Anatomy, 2021)

27 (6)

48 (7)

5.90

0.0153

Resources

χ2

P-value

Netter Presenter Atlas of Human Anatomy (Netter, 2020)

40 (9)

41 (6)

0.01

0.912

Gray's Anatomy Images (Drake et al., 2020)

28 (6)

34 (5)

0.58

0.446

Anatomy: A Photographic Atlas (Rohen et al., 2015)

26 (6)

34 (5)

1.10

0.302

A&P Revealed (Schneider et al., 2021)

16 (3)

25 (4)

2.00

0.160

Essential Clinical Anatomy Images (Moore et al., 2014)

20 (4)

23 (3)

0.21

0.647

Grant's Dissector Videos (Detton, 2016)

19 (4)

21 (3)

0.10

0.752

Visible Body (Visible Body, 2021)

10 (2)

20 (3)

3.33

0.068

Anatomy.TV (Anatomy.TV, 2021)
University of Wisconsin School of Medicine and Public Health Dissection
Videos (University of Wisconsin, 2021)
University of British Columbia Anatomy Videos (Krebs et al., 2020)
VH Dissector for Medical Education (VH Dissector, 2021)

1 (0)

14 (2)

11.30

10 (2)

14 (2)

0.67

0.0008
0.414

9 (2)

13 (2)

0.72

0.394

7 (2)

13 (2)

1.80

0.18

20 (4)

10 (2)

3.33

0.068

Dartmouth Geisel School of Medicine Anatomy Resources (Lyons et al., 2021)

3 (1)

7 (1)

1.60

0.206

The BioDigital Human (The Biodigital Human, 2021)

2 (0)

6 (1)

2.00

0.157

Kenhub Human Anatomy (Kenhub, 2021)

4 (1)

5 (1)

0.11

0.739

Stanford Medicine Bassett Collection of Stereoscopic Images of Human
Anatomy (Bassett et al., 2021)

1 (0)

4 (1)

1.80

0.18

VIVED Anatomy Videos (Vived Anatomy, 2019)

3 (1)

4 (1)

0.14

0.705

3D Organon (3D Organon, 2021)

2 (0)

3 (1)

0.20

0.655

University of Arkansas for Medical Sciences Anatomy Resources (UAMS, 2009)

3 (1)

3 (0)

0.00

1

Autopsy.online (Margolis, 2021)

1 (0)

2 (0)

0.33

0.564

Netter3D Anatomy powered by CyberAnatomy 3D (Netter3D, 2018)

3 (1)

2 (0)

0.20

0.655

Georgetown University Medical Center Videos (Georgetown University,
2021)

2 (0)

2 (0)

0.00

1

OsiriX Dicom Viewer (Rosset & Heuberger, 2021)

1 (0)

2 (0)

0.33

0.563

AnatomyTOOL (Anatomy Tool, 2021)

0 (0)

1 (0)

1.00

0.317

BodyViz 3D Anatomy (Bodyviz, 2020)

2 (0)

1 (0)

0.33

0.564

Thieme MyCourse/Dissector (Gould et al., 2015)

A.D.A.M. Interactive Anatomy (A.D.A.M., 2021)
TOTAL

1 (0)

0 (0)

472 (100)

666 (100)

1.00
33.10

0.317
P < 0.0001

Note: Total number of respondents n = 207, with several individuals indicating ≥1 resource. McNemer's test, P < 0.05.

Laboratory teaching

2020; Naidoo et al., 2020; Herr & Nelson, 2021) and in broader geographical regions (Brasset et al., 2020; Longhurst et al., 2020; Pather

When the data were assessed collectively, there was a significant

et al., 2020; Cheng et al., 2021; Harmon et al., 2021). However, the

decrease in the use of cadaver-based and plastic modalities, and an

proportion of programs using cadaveric modalities between August–

increase in “other” modalities during Covid-19 compared to before.

December (50.3 ± 43.0%) was notably larger than the proportions

Laboratory sessions that ran between August andDecember, 2020

reported in May–August (34.0 ± 42.6%; Harmon et al., 2021). Indeed,

with decreased cadaver usage corroborated findings from the litera-

65% of respondents that provided insight into their laboratory deliv-

ture that reported on the early months of the pandemic at individual

ery modality indicated that at least a portion of it was in-person.

institutions (Cuschieri & Calleja Agius, 2020; Muñoz-Leija et al.,

One possible explanation is the Environmental Protection Agency's
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recommendation (EPA, 2020) to utilize educational spaces with high

2020). During Covid-19, regardless of the type of anatomy course,

ventilation, and anatomy laboratories have consistently high ventila-

cadaver usage decreased while the usage of “other” modalities sig-

tion compared to other spaces on campus (OSHA, 1990; Trelease,

nificantly increased. Only integrated courses saw a significant de-

2006). Additionally, anatomy educators in countries that provided

crease in plastic usage during Covid-19.

Covid-19 vaccinations for students in the latter half of 2020 (Barash

Before Covid-19, US institutions allocated a significantly greater

et al., 2021) may have felt safe to resume in-person laboratories.

percentage of their laboratory time to cadaveric materials compared

Anatomy educators may also have been eager to return to in-person

to international institutions. Conversely, international institutions al-

cadaver-based laboratories due to their long-standing beliefs that

located a significantly greater amount of time to plastic and “other”

learning is facilitated by hands-on experiences, and that working

teaching modalities. During Covid-19, regardless of institutional lo-

with body donors fosters humanistic personal growth (Harmon

cation, cadaver usage decreased while usage of “other” modalities

et al., 2021) and the formation of professional identity (Barash et al.,

significantly increased. However, during Covid-19, the United States

2021). Concurrently, with the increase of cadaveric modalities dur-

continued to allocate a significantly greater amount of time to ca-

ing August–December compared to during May–August (Harmon

daveric materials and international institutions continued to allocate

et al., 2021), there was a decrease in the utilization of “other” mo-

a significantly greater amount of time to plastic and “other” modali-

dalities from 50.5% to 33.7%, but the use of plastic modalities was

ties. One reason why international institutions may devote less time

consistent (May–August: 15.1% vs. August–December: 15.0%).

to cadaver-based modalities could be due to global variations on the

Before Covid-19, the majority of health professions programs (al-

availability and sourcing of human body donors (Habicht et al., 2018).

lopathic medicine, graduate health, physician assistant, osteopathic

In the United States, before Covid-19 there was no difference in

medicine, and therapy), anatomy graduate, and veterinary medicine

the percentage of laboratory teaching time for cadaver-based, plastic,

allocated over 80% of their laboratory teaching time to cadaver-

and “other” modalities between private and public institutions. During

based instruction, while undergraduate and nursing programs

Covid-19, regardless of institution type, cadaver usage decreased

allocated less than 50%. The lower utilization of cadaver-based in-

while usage of “other” modalities significantly increased for both the

struction in undergraduate and nursing programs corresponds with

current study and as presented in Harmon et al. (2021). However,

their higher proportion allocated to plastic (at least 33%) and “other”

during Covid-19, private institutions allocated a significantly greater

(at least 13%) modality usage compared to other programs before

percentage of their laboratory time to cadaveric modalities compared

Covid-19. A possible explanation for this is that undergraduate and

to public institutions, but there were no significant differences in the

nursing programs may not be able to support the associated costs

utilization of plastic and “other” modalities. As noted in Harmon et al.

of offering cadaver-based instruction due to their relatively high

(2021), and confirmed by the larger sample size in the current study,

number of enrolled students (Jonas Philanthropies, 2015), com-

private institutions typically have more flexibility in educational de-

pared to programs like allopathic medicine (Kalter, 2019). However,

cisions compared to public institutions as they are typically not gov-

undergraduate and nursing programs may choose to utilize plastic

ernment funded. In the future, this difference could continue due to

and “other” modalities due to lower costs and long-term continued

the high cost associated with operating a human dissection laboratory

use. This disparity of cadaveric usage for undergraduate and nurs-

(McLachlan et al., 2004; McMenamin et al., 2014; Simpson, 2014),

ing programs remained during Covid-19. The programs that expe-

which may be more feasible for private institutions to fund.

rienced the smallest decrease in allocated time to cadaver-based

As stated previously, allopathic medical programs significantly

modalities were anatomy graduate, dental, physician assistant, nurs-

decreased their percentage of laboratory teaching time allocated

ing, and graduate health. Most of these programs typically have a

for cadaver-based modalities while increasing their time for “other”

lower enrollment (i.e., less than 100 students on average) (Brokaw

modalities. Further examination into the US geographical regions re-

& O’Loughlin, 2015; Kolomitro et al., 2018; PAEA, 2019; CODA,

vealed that this pattern of decreased cadaveric use and increased

2020) than medical schools and undergraduate programs as a whole

use of “others” was consistent within the Northeastern, Central, and

(Schutte, 2016; Attardi et al., 2018; AAMC, 2020), allowing for

Southern groups, but was not significant for the Western region.

proper physical distancing, which may explain why the decrease in

Regardless of the changes due to Covid-19, there were no significant

cadaver-based modalities was not as extreme.

differences in the allocation of time for the different laboratory mo-

In addition to program-specific comparisons, laboratory teaching

dalities between regions before or during Covid-19. An explanation

modality was used to compare integrated versus stand-alone anat-

for the lack of significant changes to laboratory modalities in the

omy courses, US versus international institutions, US private versus

Western region was the relatively small number of respondents in

public institutions, and allopathic medicine programs in the US by

this region compared to the other three regions.

region. Before Covid-19, programs with stand-alone gross anatomy
courses spent a significantly greater percentage of their laboratory
time utilizing cadaveric materials compared to integrated courses.

Lecture teaching

An explanation for this finding is that stand-alone gross anatomy
courses typically have more hours of instruction compared to inte-

With respect to lecture-based teaching, in-person delivery signifi-

grated (Brooks et al., 2015; McBride & Drake, 2018; Rockarts et al.,

cantly decreased and not in-person delivery significantly increased
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during August–December, 2020 compared to before Covid-19.

programs as all other programs did not have a significant increase in

These results were consistent with reports from anatomy educators

written assessments.

early during the pandemic individual institutions (Alkhowailed et al.,
2020; Cuschieri & Calleja Agius, 2020; Naidoo et al., 2020; Herr &
Nelson, 2021) and in broader geographical regions (Brasset et al.,

Gross anatomy digital and other resources

2020; Longhurst et al., 2020; Pather et al., 2020; Cheng et al., 2021;
Harmon et al., 2021). As was reported by Harmon et al. (2021) spe-

The respondents from gross anatomy programs between August and

cifically, this was likely due to the international and US stay-at-home

December, 2020 indicated an increased utilization of gross anatomy

orders and physical distancing requirements. Globally, country-

digital resources during Covid-19. Adoption of gross anatomy digi-

wide closures peaked at 163 in early May and were reduced to nine

tal resources both early in the pandemic (May–August, 2020) and

closures by late December, 2020 (UNESCO, 2020). This trend was

later in the pandemic (August–December, 2020) followed a similar

consistent in the US, with the vast majority of states lifting their

pattern. The University of Michigan BlueLink, a free resource, and

shelter-in-place or stay-at-home orders before or during May–

Complete Anatomy, a commercial resource, had the largest increase

August, 2020 (Finra, 2020). Regardless of the stay-at-home orders,

of adoption throughout the current study and Harmon et al. (2021).

the Centers for Disease Control and Prevention classified in-person

The use of Complete Anatomy was noted in other published stud-

educational activities, where students and faculty interact freely, as

ies of gross anatomy education during Covid-19 (Brassett et al.,

a component of the highest risk category (CDC, 2021). As a result,

2020; Longhurst et al., 2020; Pather et al., 2020). In addition to the

anatomy educators have continued to use the not in-person lecture

University of Michigan BlueLink and Complete Anatomy, Acland's

format; however, there was a notable increase in the percentage of

Video Atlas of Anatomy and Anatomy.TV also saw a significant in-

respondents in the current study who utilized in-person lectures

crease in adoption in the current study. The additional significant

(24%), compared to the May–August respondents (8%) (Harmon

increase of these resources may be due to the longer planning period

et al., 2021). Gross anatomy educators were uniquely prepared to

afforded to gross anatomy educators teaching during the August–

deliver not in-person lectures due to a well-documented history of

December compared to May–August, 2020.

using this format before the pandemic, both synchronously (Attardi

The sustained increase in digital resource usage for gross anat-

& Rogers, 2015) and asynchronously (Nieder & Nagy, 2002; Bacro

omy education during Covid-19 was particularly pronounced for

et al., 2010, 2013; Nieder & Borges, 2012; Trelease, 2015; Farkas

interactive software, open-access resources, and dissection media

et al., 2016; Zureick et al., 2018)

that allowed educators to mimic features of a dissection laboratory.
Despite the significant increase of commercial anatomy digital re-

Gross anatomy laboratory assessment

sources, the most commonly selected digital resource was in-house
content, both before and during Covid-19, used by nearly half of the
respondents. However, the comparison between before and during

Before Covid-19, gross anatomy assessment typically took place

Covid-19 was not significant due to the high pre-pandemic usage

in-person in a laboratory setting. The practical examination (i.e.,

of in-house content. This may be due to the fact that utilizing in-

“bellringer”) was the predominant testing format with cadavers rep-

house content that was previously created is considerably less ex-

resenting the majority of testing materials and a small proportion

pensive than purchasing new digital resources. Anatomists have

allotted to bones, models, plastinates, and images. During Covid-19,

continuously developed digital resources independently, even prior

institutions transitioned their laboratory assessments to a computer-

to the pandemic (Attardi & Rogers, 2015; Yammine & Violato, 2015;

based setting, and because of that, images represented the majority

Swinnerton et al., 2017; Leung et al., 2020). For example, a member

of testing materials used. This pattern aligns with the decrease in the

of the AAA posted on Anatomy Connected a curated collection of

time allotted to cadaver-based modalities during Covid-19 presented

46 open-access digital resources and hosted the list freely online

in the current report. It is consistent with the assessment adaptations

for gross anatomy educators to utilize, most of which were created

anatomy educators made during the early pandemic (Harmon et al.,

in-house (Flaherty, 2021). It is important for digital resources to be

2021), with most of the respondents offering practical examinations

readily available in the event that anatomy education faces future

(May–August: 62% vs. August–December: 54%) in a computer-based

lockdowns (Das & Al Mushaiqri, 2021).

setting (May–August: 61% vs. August–December: 56%) using images

Regardless of the specific resources used, there was an over-

as testing materials (May–August: 51% vs. August–December: 54%).

all significant increase in the adoption of digital resources to teach

The findings of the current study also align with assessment adap-

gross anatomy between August and December, 2020 compared to

tations observed in other studies of anatomy education during the

before Covid-19. This rapid shift in adopting both commercial and

early pandemic (Longhurst et al., 2020; Cheng et al, 2021; Herr &

free digital resources are likely to drive the future of innovation in

Nelson, 2021). In addition, there was a significant increase in the

anatomy education. It remains unknown if the current findings are

use of anatomy laboratory questions incorporated into a program's

transient Covid-19-related changes or if they will persist long-term.

typical written examinations (i.e., term test or end-of-block examina-

A number of publications have recently discussed the concern of

tion). However, this finding was largely driven by allopathic medical

the broad transition to digital resource teaching for gross anatomy
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instruction during Covid-19 and how this could lead to a continued

communication software and gross anatomy digital resources) in a

decrease of cadaveric utilization beyond the pandemic (Franchi,

short period of time (Smith & Pawlina, 2021). This forced adoption

2020; Pearson, 2020; Jones, 2021; Ross et al., 2021) in an effort to

of new technologies will certainly change the perspective as to

reduce institutional costs (Evans & Pawlina, 2021).

what is “possible” for teaching gross anatomy in higher education
moving forward.

Communication software

Limitations of the study

Zoom was the dominant video conferencing software used by 55%
of respondents for tele-education, which is consistent with the find-

This study is not without limitations. Participation in the survey was

ings of Harmon et al. (2021) during the May–August, 2020 period

voluntary, introducing self-selection bias to the sample of respond-

(57%). This software dominated the market share for video con-

ents. For example, while international participation was sought,

ferencing in the higher education sector (Menard, 2020) as well as

the majority of the sample population was from the United States.

across sectors (Datanyze, 2021) during the pandemic. Interestingly,

Second, several programs had small samples which may have cre-

Zoom is not specific to the education sector compared to products

ated the opportunity of a type 2 error; however, the study over-

like Blackboard Collaborate, which had a much lower adoption rate

all had a robust sample of 191 respondents. Programs with small

in this study. Similar to the changes with digital resource adoption

samples sizes were combined with other groups where possible.

and laboratory content changes, it remains to be seen how didactic

Consequently, the groups were categorized differently from the

instruction will be conducted after the pandemic. Future studies will

groups in Harmon et al. (2021), which made direct comparisons dif-

need to examine whether the utilization of video conferencing as a

ficult between May–August and August–December, 2020. Third,

predominant medium for lecture instruction will continue or if insti-

interpretation of the narrative data introduced researcher bias; how-

tutions will transition back fully to in-person instruction. Previous

ever, this was mitigated by the use of at least two independent cod-

research has indicated that screen time is associated with less happi-

ers and multiple reviews, which is known to improve the reliability

ness and could contribute to the declining mental health experienced

of the analysis (Mays & Pope, 1995). Last, while descriptive accounts

by the current generation of students (Twenge, 2017). Therefore, it

of anatomy curriculum strategies were presented, student outcomes

will be important to assess the mental health of students based on

were not included. At the time of participant recruitment, outcomes

their concentration of screen time in their curriculum.

data were not available because the courses had not yet concluded.

The future of gross anatomy education

Future directions

Together with Harmon et al (2021), this body of research has dem-

Although the pandemic challenged every facet of gross anatomy

onstrated the dramatic changes undertaken by gross anatomy

education, it has been described as a “positive disruption” that

educators in response to Covid-19 during May–D ecember, 2020.

should inspire anatomy educators to evaluate which newly adopted

This paradigm-shifting pedagogy in gross anatomy and across

pedagogies would be beneficial for students after Covid-19 (Evans

higher education (García-M orales et al., 2021; Pokhrel & Chhetri,

& Pawlina, 2021). In the future, the authors plan to compare stu-

2021) during 2020 forced educators in gross anatomy (Evans et al.,

dent outcomes before, during, and after Covid-19. It will also be of

2020) as well as other basic medical science disciplines (Bzowyckyj

interest for researchers to study the mental well-being of students

et al., 2021; Seitz & Rediske, 2021; Zhang et al., 2021) to reassess

enrolled in gross anatomy curricula as a result of the pandemic, due

the best ways to deliver higher education. It is unknown whether

to the increased social isolation, increased screen time, and fears of

the changes will become a common practice after Covid-19 is bet-

contracting Covid-19. In addition, the authors plan to track the state

ter controlled or vanquished. However, numerous sources suggest

of anatomy curricula (e.g., laboratory modalities, delivery format, as-

that some of the new delivery formats introduced in 2020 offer

sessment) after Covid-19 to determine which educational practices

an improved educational experience for students and educators

for anatomy will revert back to before Covid-19, and which Covid-19

alike. For example, broadening the population of guest speakers

adaptations will persist and continue to evolve.

available to students (Schapiro, 2021), flexible work arrangements
for staff (Schapiro, 2021), improving accessibility to resources and
experiences for students with disabilities and low-income sta-

CO N C LU S I O N

tus (Larson, 2021), and the development of new online courses
(Nworie, 2021). It is unknown what the future holds for gross anat-

This is the first study of its magnitude to provide granular, location-

omy education, but what is certain is that anatomy education will

 and program-specific details about gross anatomy curricula, both

likely change as a result of Covid-19. Anatomy educators were re-

before and during Covid-19. The data provided inferential evidence

quired to become experts in multiple new technologies (e.g., video

for how anatomy educators transitioned their curricula during
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August–December, 2020 as a result of Covid-19. Lectures continued to be predominantly not in-person, while nearly two-thirds of
respondents had at least some form of in-person laboratory activities. Regardless, most academic programs saw a decrease in the
use of cadaveric materials from before Covid-19 to during August–
December, while “other” laboratory modalities increased, with this
effect being most pronounced in allopathic medicine and undergraduate gross anatomy programs. Laboratory assessments shifted
from a traditional in-person environment to computer-based, necessitating the use of images over cadaveric materials, bones, models,
and plastinated specimens. However, the practical (“bell-ringer”)
examination persisted as the dominant laboratory assessment format from before Covid-19, through the May–August period (Harmon
et al., 2021), and into the August–December period. In addition, the
use of gross anatomy digital resources significantly increased during Covid-19, with in-house content remaining the most commonly
indicated. This study demonstrates how gross anatomy educators
pursued several approaches to maintain educational continuity past
the early stages of the Covid-19 pandemic. These findings provide
gross anatomy educators with data on innovative approaches that
can be used in future gross anatomy curricula.
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